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The power of sufficientlyenergetic proton beants penetrate high atomic number (Z) metals, together
with the potential for higlkdynamicrange measurements, enabled by the roughly linear energy loss
mechanism in the material, makes ion beam imaging complementaryaty techniquesnd, in many
cases,tiis superior Specifically, xray imaging is poor in an object that contains both{@md high-

Z materials. This is because the energetiys required to penetrate higd material(s) interact
weakly with the low-Z materials and therefore provide@ image contrast. Protons, on the other
hand, are less sensitive to Z; thus they penetrate thediglaterial, yet are sufficiently influenced by

the low -Z material as to provide useful contrast and information. Each proton "measures"” the total
electranic density of material that it traverses by its gradual and continuous energy loss as it passes
through the objectMeasuring the energy loss of a proton beam that has traveled through the target
provides information about the line integral of the ardlalceon density in the material in a single
measurement. Repeating this measurement across the target thus provides anddasitprmap of

the target; reconstructing multiple maps can lead to fill ®mographic renderings.

The use of proton beams as imaging probe with micrescale spatial resolution in spatially
extended (mm) targets can be hindered by positional and energy blurring known as straggling. This
blurring is caused by the beam’s strong interactions with the electrical charge dismitnitithe
material through which it travels. Lateral straggling of the proton trajectories affects the spatial
resolution and is a function of beam energy and target material. It was not until the mid 1990’s that the
problem of image degradation caused diyaggling began to be addressed at LLNL though image
reconstruction algorithms that corrected for the effect of beam spatial broadening. However, a major
limitation of such work is that lateral straggling in many target materials has been poorly chaegtte
fora variepl/ of proton energies.

3.5 MeV protons on
0.9367 um Ag foil

Figure 1: Measured and predicted angular
straggling of 3.5 MeV protons after
passing through a 0.94 um thick silver foil.
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We received FY03 LDRD feasibility funding (68S028) to concentrate on experimenyall
characterizing the lateral and energy straggling of MeV protons. Thesftaggling data have been
used to extend our ieheam modeling capabilities. As an example, Figure 1 shows the measured
angular straggling of 3.5 MeV protons after passing throagh.94 um thick Silver foil and the

corresponding computed distribution obtained using a the program Transport and Range of lons in



Matter (TRIM) that we modified to better model small angle scattering. The experimental and
computed data have Full WidtHalf maximum (FWHM) values that agree within 10%, which is
adequate for our characterization/modeling requirements.

The 2D straggling data are being incorporated into existing tomography simulation models in
order to improve and predict the characteriaatof samples in three dimensions. The data also suggest
that we could typically expect to be able to resolve miesoale features within a variety of mesoscale
objects given an operational higimergy (10’s of MeV) proton microbeam facilityin principle, the
new models should be able to produce accurat2 mographic simulation results needed for
planning and evaluating experiments with pertinent material combinations and geometries. From the
validated codes it should be possible to model whetheropratnaging can provide the required
characterization for mesoscale objects, such as high energy density physics (HEDP) targets, fuel cells
or biological samples.

The success of the feasibility study strongly suggests that the next phase of our efftdttshou
to obtain 3D experimental tomographic data to provide the necessary validation and assessment of our
updated tomographic modeling and simulation codes. This requires that both simulations be performed
and experimental data be collected for wadifined test objects. Collection of the experimental data
will require the highenergy ion microprobe in B190 to be refurbished so that it can collect proton
tomography data with beams of energy up to 20 M&\ith this capability wecould demonstrate the
capaility of proton tomographyby performing computer simulations and proton imaging on actual
targets of interest to HEDP and inertial confinement fusion (ICF). The experimental data would
provide the full validation of the updated simulation capability.

While HEDP is the most relevant LLNL mesoscale characterization challenge, @heygy
proton tomographic capability would benefit a broad range of applications. For example, LLNL has an
active research program to develop mitwel cells for personal pger generation. Proton tomography
would provide nondestructive thre@mensional information about the quality of bonding between
various material layers and the uniformity of these layers, which presently requires destructive
sectioning for examinationProton tomographyvould also be able to nedestructively characterize
micron sized meteorites and interplanetary dust captured in aerogels in relation to NASA’s Stardust
program. The ability to locate in three dimensions and quantitatively determinedehsity
distribution of captured patrticles in the aerogel (both-destructively and with fine spatial resolution)
before further analysis by other techniques would provide a powerful extension to this characterization
program.



